On the basis of the results, it was concluded that the caudal fold test performed with 0.2 mg of a bovine PPD with high biological activity was: (a) more sensitive than the comparative cervical test with bovine and avian PPDs; (b) as sensitive as the simple cervical test with a bovine PPD of moderate biological activity (0.1 mg); and (c) slightly less sensi tive than the simple cervical test with the same high potency PPD at a lower dose (0.1 mg), although the difference was not statistically significant.

The advantages of the caudal fold as a test site are the facility and speed with which cattle can be inoculated. Under normal field conditions in an infected area of Argentina, the caudal fold test with 0.2 mg of bovine PPD of controlled potency showed high sensitivity. As demonstrated by other authors, it is also highly specific. The test as performed in this trial is therefore recommended as a standard tuberculin test for cleaning infect ed herds in Argentina.
INTRODUCTION
Intradermal tuberculin testing is the usual method for detecting tuberculous infection in cattle. Over the years different reagents and techniques have been used, ranging from subcutaneous injection of Koch's old tuberculin prepared from M. tuberculosis with assessment of the test by determining the animal's temperature on repeated occasions, to the PPD prepared from M. bovis (the etiological agent of bovine tuberculosis) with reading of test results by measur ing the degree of tissue reaction in millimeters at the injection site. The tuber culin test, however, is not perfect and its degree of effectiveness depends on several variables, such as:
-the quality of the reagent employed;
-the type of test; -the criteria for interpretation, and -the epidemiological situation.
To assure the success of a bovine tuberculosis eradication programme in a particular environment of any region or country, it is essential to determine first which method will be most effective for tuberculin testing of cattle.
In a previous tuberculin testing trial carried out on a herd of infected cattle in the province of Buenos Aires, Argentina (6), the sensitivity of different PPDs and tuberculin testing methods was determined on the basis of post mortem examinations and biological study of tissue samples from different organs of each animal. It was concluded that: -The tuberculin test has a higher sensitivity with M. bovis PPD than with M. tuberculosis PPD.
-The potency of the tuberculins used should be checked.
-The comparative test may have a lower sensitivity than that of the simple cervical test, depending on the criteria used to interpret the results.
-In herds or regions found to be infected, either highly sensitive tests, or interpretation criteria that increase sensitivity, should be adopted.
The caudal fold has been successfully used in several countries as the site for tuberculin tests. It has the advantage of enabling quick and easy inocula ting without requiring that the animals be totally restrained. In view of this and the conclusions of the paper mentioned earlier, we set the following objec tives for our study:
1. To determine the potency of the bovine PPD produced at the Pan Ame rican Zoonoses Center (PAHO/WHO) (used as reference preparation by Latin American laboratories) as compared to a standard bovine PPD in experimen-tally sensitized guinea pigs and naturally infected cattle, and to correlate the results obtained in the two species.
2. To compare the sensitivity of the tuberculin test in the caudal fold using bovine PPD, with that of the simple and comparative cervical tests.
MATERIALS AND METHODS
PPD tuberculins used:
(a) Two bovine PPDs:
(i) Pan American Zoonoses Center PPD, batch CPZ 1-76, 1 mg/ml (CB), produced from M. bovis strain AN5 of the Central Veterinary Institute, Rotterdam. (ii) Weybridge Central Laboratory PPD 291 (freeze-dried working stan dard) reconstituted at 1 mg/ml (WB).
(b) M. avium PPD: Pan American Zoonoses Center PPD, batch CPZ 1-75, 0.5 mg/ml 25 000 IU/ml (CA).
Potency of CB relative to CA:
The potency of CB relative to CA was assessed on batches of 12 guinea pigs sensitized with: 
Tuberculin testing trial in cattle:
The trial was conducted in Balcarce, Province of Buenos Aires, on 1,974 cattle comprising Aberdeen Angus and Hereford breeds of different ages, but not over 12 years old. Each was given 0.1 ml of CB in the neck. Ninety were considered as reactors and were singled out for the test, together with 25 ani mals selected for slaughter for various reasons (brucellosis or poor sanitary status), making a total of 115. Thirty-five days after the first injection a series of inoculations was made into each animal, as described in Table I .
Before intradermal injection of the tuberculin, the hair at the selected sites of the neck was clipped and the thickness of the skin fold at the site of injec tion was measured with calipers to the nearest millimeter. Disposable syringes of 0.1 ml and 25-gauge needles, 3/8 inches long, were used for the injections. Reactions were read 72 hours later by calculating the difference in the skin thick ness before and after the injection. Concentrations of 0.1 mg and 0.2 mg of each of the bovine PPDs were inoculated into the neck of each animal to determine the potency of the CB PPD compared to that of the WB PPD.
Concentrations of 0.1 mg and 0.2 mg of the CB PPD were injected into the caudal fold of each animal to compare the sensitivity of this site of injec tion with the one on the neck.
The 115 cattle under study were slaughtered within 15 days following the test. A careful post mortem examination of each was performed and the macro scopic lesions similar to those caused by tuberculosis were recorded. Samples of retropharyngeal, bronchial, mediastinal and mesenteric lymph nodes were collected from each animal. When lesions were observed, samples were also collected from other lymph nodes or organs (liver and lung). Part of these sam ples was placed in 10% formalin for histopathological study and another part was sent, under refrigeration, to the bacteriology laboratory for the relevant tests.
Statistical analysis:
The measurements recorded for the seven inoculations on the 24 infected cattle were analyzed according to Scheffé's method for multiple comparisons of the mean values observed. 
RESULTS
Potency of CB PPD compared to WB PPD, as determined in guinea pigs
Sensitivity of the tuberculin test in cattle:
Of the 115 cattle examined, M. bovis was detected by culture in 24 (20.9%). Of these, 19 had shown macroscopic lesions upon necropsy. The 115 cases were divided into two groups:
1. With confirmed infection: the 24 cases with M. bovis culture.
2. Exposed: the 91 remaining cases, without apparent lesions or M. bovis culture, but which were part of an infected herd. Table II shows the average increase in skin thickness (in mm) for each series of tuberculin injections.
The analysis of data on the sensitivity of the tuberculin tests was restricted to the 24 cattle with positive cultures (group 1).
For the first inoculation of CB (0.1 mg) in the neck, an increase in skin fold thickness of 5 mm or more was considered a positive reaction. Seven tuber culin injections were administered simultaneously to each animal only 35 days after the first test, and resulted in an overall drop in response. The reactions were comparatively smaller than those of the first inoculation. For the simple test, any increase in skin thickness was considered a positive reaction. Even so, sensitivity (percentage of positive cases among infected animals) decreased from 95.8% in the first test, to 87.5% in the second, which was also performed in the neck with 0.1 mg of CB (Table III) . In spite of this, the data obtained were considered valid for comparing the sensitivity of the simultaneous tests.
Sensitivity of the bovine PPDs in the simple tests:
The results of the tests previously described are shown in Table III . Two comparisons can be made:
(a) The sensitivity of the test in the neck, depending on whether CB or WB was used as a reagent (CB t vs WB t ).
(b) The sensitivity of the test in the caudal fold as compared with the sen sitivity of the test in the neck (CB t vs CB t ). The results of the statistical analysis are shown in Table V. CB t vs WB t : the test in which CB was used was more sensitive than that with WB. Figure 1 shows the results of these tests recorded on a scattergram. The reactions to WB can be read on the horizontal scale, and the reactions to CB on the vertical scale. The dots above the diagonal line represent the animals with a larger response to CB, and the dots below the diagonal line represent those with a larger response to WB. In 70.8% of the animals, the response to CB was larger than that to WB, or resulted in a positive response while the WB produced a negative response (two cases). In 16.7%, responses were larger to WB than to CB. In three cases, CB t vs CB P : the simple test in the neck with 0.1 mg of CB was more sensitive than the test in the caudal fold with 0.2 mg of the same reagent (Table III) , although the difference was not significant. It was logical to suppose that an increased PPD dose in the caudal fold would result in a higher sensitivity. However, no significant differences were found in the mean reactions obtained with 0.1 and 0.2 mg in the caudal fold (Table V) . In this trial, it was not possible to establish regression lines with significant slopes between mean responses and large doses, a sine qua non con dition to determine the potency of one tuberculin compared to another andwhen comparing caudal fold inoculation with neck inoculation of the same CB PPD-to determine the CB concentration required in the caudal fold to obtain a mean reaction equal to that obtained with 0.1 mg in the neck (5).
Sensitivity of the bovine PPDs in the comparative tests:
The results of the comparative test using CB and WB, as interpreted accor ding to different criteria, are shown in Table IV . The highest sensitivity (75.0%) was attained with CB and positivity criterion C, and the lowest (8.3%) with WB and criterion A. The sensitivity of the comparative tests was therefore lower than that of the simple caudal fold test. 
Test
DISCUSSION
The present study analyzes the sensitivity of various tuberculin tests in cattle using M. bovis PPD in intradermal inoculations in the neck and the caudal fold. Specificity was not considered, since it would have been very difficult to conduct a valid study in an area where tuberculosis-free herds have yet to be identified.
As regards the specificity of the different tests, we have to refer to reports on trials carried out in other countries, until prevailing conditions are adequate to conduct a local study. Moreover, errors resulting from lack of specificity (false positive responses) are of greater relative importance when bovine tuber culosis is infrequent, than when prevalence is relatively high. In the latter case, the sensitivity of the test, i.e., its capacity to detect the greatest possible num ber of infected cattle and herds, is of utmost importance to avoid false negative responses.
The comparison between the sensitivity of the comparative and single cer vical tests and that of the single caudal test using the same bovine PPD, gave the following results:
-The comparative cervical test had a maximum sensitivity of 75%, below the 87.5% attained with the single cervical test. This percentage is consistent with that obtained in a previous study in Balcarce (6) , and with the 74.36% found by Roswurm and Konyha (7) in the United States, and suggests that when the comparative test is used for the diagnosis of inconclusive reactors in tuber culosis infected herds, it should be interpreted according to the criterion that gives the highest possible sensitivity.
-In addition, the comparative cervical test was less sensitive than the cau dal test with 0.2 mg of PPD (79.2%), and as sensitive as the caudal test with a dose of 0.1 mg (75.0%).
-The single cervical test (0.1 mg) was slightly more sensitive than the caudal test with a 0.2 mg dose-87.5% vs 79.2%. These percentages corres pond to the multiple tests performed simultaneously 35 days after the single cervical test in which the percentage of positivity was as high as 95.8%, even with the requirement of 5 mm or more increase in skin thickness. It is there fore highly probable that the actual sensitivity of the caudal fold test was also higher than 79.2%.
-The comparison of the results of the caudal fold test with doses of 0.1 mg and 0.2 mg of bovine PPD showed that, although the sensitivity in the lat ter case was higher (79.2 vs 75.0%), the difference was not statistically signifi cant. As regards the size of the reactions, the difference was not significant either (Table V) . Likewise Francis et al. (2) found no significant differences in the sensitivity of this test between doses of 0.2 and 0.4 mg of bovine PPD produced in Australia. However, because the reactions in tuberculous cattle to the 0.4 mg dose were larger than those to the 0.2 mg dose, the authors favour the use of a 0.3 or 0.4 mg dose of PPD in the caudal test in the areas of Aus tralia where it is particularly important to detect the highest possible number of infected animals. It is of interest to mention that the authors found a specificity of 99% for the caudal test with a 0.4 mg dose. These results show that it is advisable to use a relatively high dose in this test to increase sensiti vity while retaining a high specificity (2).
The bovine PPD produced at the Pan American Zoonoses Center (CB) showed a significantly higher potency than the original Weybridge PPD (WB), both in the single and the comparative tests. The exact percentage of the bio logical activity of WB as compared with CB could not be established because no significant slopes were obtained in the regression lines of the mean respon ses by relation to the log doses.
In the test performed on guinea pigs, the potency of CB compared to WB amounted to 122% when the guinea pigs had been sensitized with killed bacilli in paraffin oil, and amounted to 135% when they were infected with viable bacilli. Apparently, this last method would correlate better with the results obtained in naturally infected cattle (3).
-Because of the presence of an anergic animal within the group, the sen sitivity of the various methods of the tuberculin test used in the trial never reach ed 100%. The anergy in the tuberculous animals not reacting to the tuberculin test may be due to various reasons: onset of tuberculosis (preallergic period), generalized tuberculosis, malnutrition, concurrent infections, depressed immune responsiveness (1) . In the present trial, no macroscopic lesions were observed in the anergic animal; diagnosis was made by culturing M. bovis from a sam ple of the retropharyngeal lymph node. This animal was negative to the first and second tuberculin tests and belonged to the group of 25 assigned for slaugh ter for infections other than tuberculosis -in most cases brucellosis. It should be considered therefore as a case of initial tuberculosis.
CONCLUSIONS
The caudal fold tuberculin test using 0.2 mg of a bovine PPD with a high biological potency was found to have:
(a) a higher sensitivity than the comparative cervical test; (b) a sensitivity similar to that of the single cervical test performed with 0.1 mg of a bovine PPD of moderate potency (WB); (c) a slightly lower sensitivity than the single cervical test when using a 0.1 mg dose of the same high potency bovine PPD, although the difference was not statistically significant.
The caudal fold tuberculin test is easily and rapidly performed and inter preted. It has been shown to have good sensitivity and, as reported in a publish ed work (1, 2) , also a very high specificity. In the environment of this trial, the use of a 0.2 mg dose of bovine PPD of good biological potency in the cau dal fold is therefore advocated as the standard test, particularly for cleaning infected herds. When the comparative test with bovine and avian PPDs is used in the environment of this trial for the diagnosis of inconclusive reactors, the interpretation criterion leading to the highest possible sensitivity should be applied. We believe, however, that even with this interpretation, the diagnos tic value of the comparative test is limited. 
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